Daily precipitation data during 1960-2002 from 150 stations in the Yangtze River basin were analyzed with the help of linear trend analysis. Highest 5-day and 10-day precipitation amount (R5D and R10D) and percentile daily precipitation maxima (prec95p for 95 th percentile and prec99p for 99 th percentile) were accepted as the precipitation extreme index. The frequency of the R5D and R10D was in downward trend, this phenomenon is more obvious in the middle Yangtze River basin; The stations with total precipitation of R5D and R10D are in significant upward trend (> 95% confidence level) are mostly located in the lower Yangtze River basin and the south-western part of the Yangtze River basin; 2) the spatial distribution of the frequency of total precipitation of the percentile daily precipitation maxima is similar to that of R5D and R10D. However the frequency of prec95p and prec99p is in significant upward trend. The upward trend of total precipitation changes of prec95p and prec99p is more obvious than that of frequency of prec95p and prec99p. The regions dominated by upward trend of frequency/total precipitation of prec95p and prec99p are also the lower Yangtze River basin and south-western part of the Yangtze River basin. Therefore the occurrence probability of the flash floods in the lower Yangtze River basin and south-western part of the Yangtze River basin will be greater.
Introduction
In recent years, the greenhouse effect has become the focus of large-scale investigations. Tremendous impacts of the observed global warming on the global hydrological cycle at various spatial and temporal scales are likely to be more sensitive [1, 2] . Some physical and empirical research results, together with General Circulation Model (GCM) experiments suggested that global warming may lead to a more intense hydrological cycle and with an associated increase in the frequency and/or magnitude of heavy precipitation [3] . Effects of precipitation changes on hydrological process rely on the type of changes in number of rainy days and/or daily precipitation amount. Increase in daily precipitation amount will be favorable for increase of watershed runoff and river discharge [4] .
The global warming may lead to the increasing intensity and magnitude of extreme climatic events. Extreme climatic changes may exert more serious negative impacts on human society. Increases of extreme climatic events are drawing increasing concerns from meteorologists and hydrologists of the world [5] [6] [7] . Some studies indicate that over the last half century weather patterns have become more variable, with more frequent and more intense rainfall events [8, 9] , changes in the timing and location of precipitation [5] . The Yangtze River (Changjiang) (Figure 1) , being the longest river in China and the third longest river in the world, plays a vital role in the economic development of China. The river originates in the Qinghai-Tibet Plateau and flows about 6300 km eastwards to the East China Sea. The Yangtze floods occurred annually, being the most serious natural disasters with tremendous anti-disaster expenditures, being known as serious trouble of China [10] . Historical records The frequency is clearly higher than that of 19 th century. The close connections between the warmest years and high frequency of floods are worthy of attention. Connections between temperature, precipitation and discharge of the Yangtze River basin indicate that discharge changes are in fine agreement with precipitation. If seen from annual changes, good agreement also happened to temperature, precipitation and discharge [11] . Severe precipitation events are among the most devastating weather phenomena since they are frequently followed by flash floods and other sever weather conditions such as hail [12] . It is widely accepted that variability of frequency and intensity of extreme climatic events are likely to exert much more impact on nature and human society than that from the mean climatic value [13] . Changes of extreme climatic events and their possible influences on human society are receiving increasing concerns from hydrologists and meteorologists of the world [14] [15] [16] . As for the extreme precipitation changes in the Yangtze River basin, Zhang et al., [11] analyzed the spatial distribution and trends in the frequency of precipitation extremes during 1960-2003 using daily precipitation data from 147 stations in the Yangtze River basin with the help of Mann-Kendall trend analysis and IDW (Inverse Distance Weighted) interpolation technology with Arcview package. The definition of the extreme precipitation is that the daily precipitation exceeding the 95 th percentile in a data set is defined as extreme precipitation for each station. In the present paper, daily precipitation exceeding the 95 th percentile and 99 th percentile was defined as extreme precipitation of two magnitudes. At the same time, 5-day extreme daily precipitation and 10-day extreme daily precipitation were also analyzed for further research.
The main objective of this paper is to demonstrate the changes of the extreme precipitation in different parts of the Yangtze River basin, showing the possible regional responses to global climatic changes.
Data and Methods
Considering the influences of topography on climatic changes, in this paper, the whole Yangtze River basin was divided into three parts [11] based on longitude ( Table 1 the lower Yangtze River basin. The time interval is from January, 1960 to December, 2002. The homogeneity of the precipitation data was detected by calculating the von Neumann ratio (Q/n -0.5 and R/n -0.5 ) with the help of Bayesian procedures [17] . The precipitation data sets of all stations are significantly homogeneous. Highest 1 day, 5 day and 10 day precipitation amount (R1D, R5D and R10D) are accepted as index for extreme precipitation (www.ncdc.noaa.gov/oa/wmo/ccl) for annual extreme precipitation. Percentile daily precipitation/temperature maxima (prec95p for 95 th percentile and prec99p for 99 th percentile) was widely accepted as a standard to define daily extreme precipitation/tempera-ture [12, 18, 19] .
Simple linear regression will be used in this paper for trend test. The simple linear regression method is a parametric T-test method, which consists of two steps, fitting a linear simple regression equation with the time t as independent variable and the precipitation variable, Y as dependent variable, and testing the statistical significance of the slope of the regression equation. The parametric T-test requires the data to be tested is normally distributed. The normality of the data series is first tested in the study by applying the Kolmogorov-Smirnov test. The method first compares the specified theoretical cumulative distribution function (in our case normal distribution) with the sample cumulative density function based on observations, then calculates the maximum deviation, D, of the two. If, for the chosen significance level, the observed value of D is greater than or equal to the critical tabulated value of the Kolmogorov-Smirnov statistic, the hypothesis of normal distribution is rejected. Figure 2 shows the linear trends of the highest 5-day precipitation amount, Figure 2A and Figure 2B show the trends of frequency and total precipitation amount of highest 5 day precipitation amount respectively. Figure  2A indicates that frequency of R5D of 69% stations of the Yangtze River basin is in downward trend, (without considering whether the trend is significant or not). The stations with frequency of R5D in upward trend are mostly located in the south-western part and south-eastern part of the Yangtze River basin. The Middle Yangtze River basin is dominated by stations with frequency of R5D in downward trend. In the Yangtze Delta region, the downward trend of the frequency of R5D are significant at > 95% confidence level. In the middle Yangtze River basin, frequency of R5D of 81% stations is in downward trend (Figure 3) . Figure 2B and Figure 3 demonstrate that total precipitation of R5D of the Yangtze River basin is mostly in upward trend, the stations with total precipitation of R5D in upward trend account for about 63% of the total stations. Total precipitation of R5D of 27 stations is in significant trend, wherein, stations with total precipitation of R5D in significant upward trend account for 67% of the total stations with total precipitation of R5D in significant trend. Figure 4B, Figure 3) . The middle Yangtze River basin is dominated by the stations with TR10D in downward trend.
Results

Annual Extreme Precipitation Changes
When it comes to the stations with TR10D in significant trend, altogether 37 stations have TR10D in significant trends, wherein 20 stations have TR10D in significant upward trend (> 95% confidence level), accounting for 74% of the total stations with TR10D in significant trends (Figure 3 ). 11 stations with TR10D in significant upward trend are located in the middle Yangtze River basin and 9 stations located in the upper Yangtze River basin, accounting for 69% and 82% of the total station in the middle and lower Yangtze River basin respectively.
Seasonal Extreme Precipitation Changes
Summer (June to September) is the main flooding season of the Yangtze River basin. In this paper, percentile daily precipitation maxima (prec95p for 95 th percentile and prec99p for 99 th percentile) for summer season were accepted for detection of summer precipitation extreme in the Yangtze River basin. Figure 5 indicates that the upper and lower Yangtze River basin are dominated by and total precipitation of prec95p in significant upward trend. The regions dominated by significant upward trend of total precipitation and frequency of prec95p are mainly the Yangtze Delta region and south-western part of the Yangtze River basin. The middle Yangtze River basin is dominated by significant downward trend of frequency of prec95p (the stations with precipitation in significant downward trend of frequency of prec95p account for about 52% of the total stations with frequency of prec95p in significant trend) (Figure 6) . The spatial distribution of frequency and total precipitation of prec99p in the Yangtze River basin is similar to that of prec95p (Figure 7) . South part of the Yangtze River basin is dominated by significant upward trend of total precipitation changes of prec99p; however the north part of the Yangtze River basin is dominated by downward trend of total precipitation changes of prec99p ( Figure 7B, Figure 6 ). As for the 
Summary and Conclusions
Extreme climatic events will exert tremendous influences on human society. Frequency and total precipitation of the highest 5 day and 10 day precipitation amount (R5D and R10D) and percentile daily precipitation maxima were analyzed with the help of linear trend analysis. Some interesting results were obtained: 1) the frequency of the highest 5-day and 10-day precipitation amount (R5D and R10D) was in downward trend, some stations are with frequency of R5D and R10D in significant downward trend, this phenomenon is more obvious in the middle Yangtze River basin; however the changes of the total precipitation of R5D and R10D are in upward trend. The stations with total precipitation of R5D and R10D are in significant upward trend (> 95% confidence level) are mostly located in the lower Yangtze River basin and the south-western part of the Yangtze River basin; 2) the spatial distribution of the frequency of total precipitation of the percentile daily precipitation maxima is similar to that of R5D and R10D. What is different is that the frequency of prec95p and prec99p is in significant upward trend. However the upward trend of total precipitation changes of prec95p and prec99p is more obvious than that of frequency of prec95p and prec99p. The regions dominated by upward trend of frequency/total precipitation of prec95p and prec99p are also the lower Yangtze River basin and south-western part of the Yangtze River basin; 3) the global warming greatly influenced the spatial distribution pattern of the precipitation changes in the Yangtze River basin of China. More intensified precipitation will occur to the south-western part of the Yangtze River basin and lower Yangtze River basin. Therefore, the occurrence probability of the flash floods in the lower Yangtze River basin and south-western part of the Yangtze River basin will be greater. Furthermore, the Yangtze Delta region is geomorphologically low-lying, and prone to floods inundation and this region is one of the economically developed region in China. More good countermeasures will be necessary for future intensifying floods threats.
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